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initial ideas, can limit the range of designs considered. This research study explored the use of “Design
Heuristics,” to overcome fixation in a design education setting. Design Heuristics are a set of prompts
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studies of designers, and have been shown to be effective in developing design capability. In the study, novice
engineering design students first used brainstorming, and continued to generate more ideas using Design
Heuristics . The results showed that ideas created during brainstorming were more similar to initial ideas.
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Ideally, designers move past existing ideas to create novel designs. But designers 
often experience “fixation,” where new ideas are similar to existing designs. An 
example concept in a brief, or early attachment to one’s initial ideas, can limit the 
range of designs considered. This research study explored the use of “Design 
Heuristics,” to overcome fixation in a design education setting. Design Heuristics are 
a set of prompts intended to point designers toward different types of concepts. The 
77 prompts are derived from empirical studies of designers, and have been shown to 
be effective in developing design capability. In the study, novice engineering design 
students first used brainstorming, and continued to generate more ideas using 
Design Heuristics. The results showed that ideas created during brainstorming were 
more similar to initial ideas. Concepts created with Design Heuristics were judged 
less similar and more creative. This suggests fixation on initial examples can be 
mitigated by using tools like Design Heuristics during design, which contributes to 
how educators can help students develop ideation skills. 
Design Heuristics; fixation; idea generation; brainstorming  
1 Introduction   
In an ideal world, the initial idea generation phase of design results in a set of ideas that are varied in 
nature, providing a wide variety of possible solutions. However, novice designers often have 
difficulty in generating a variety of diverse ideas during idea generation, and appear hesitant in 
considering multiple ideas (Cross, 2001). Research on idea generation in engineering has revealed 
two types of cognitive limitations in the context of fixation. First, the tendency to become focused on 
specific options early in the design process has been identified as limiting the variety of designs 
considered (Vimal, Tomko & Linsey, 2016; Lindsey, 2010; Cross, 2001; Jansson & Smith, 1991; Purcell 
& Gero, 1996).  Second, designers may form an early attachment to their initial ideas, thus leading to 
few alternatives. Ullman and colleagues (1988) observed that designers did not explore multiple 
ideas, but pursued a single proposed design at the expense of exploring other alternatives. In the 
present study, we examined design heuristics as a catalyst to overcome these two aspects of fixation 
during idea generation. 
1.1 Design fixation 
In their seminal study of design fixation, Jansson & Smith (1991) showed engineers an initial example 
solution along with the design problem. This example was presented as an unsatisfactory idea, with 
highlighted flaws. Nonetheless, the engineers in the study (both expert and novice) made use of the 
flawed designs as models for their own ideas. Across four studies, presenting a single, flawed 
example did not affect the number of new designs created (fluency) compared to a control group 
without an example (Jansen & Smith, 1991). Instead, fixation was observed by counting the presence 
of the example’s key features in the new designs created. Jansson and Smith (1991) defined design 
fixation as “blind, sometimes counterproductive adherence to a limited set of ideas in the design 
process” (p. 4).  
Other studies of design fixation also provided example solutions with the problem, and found their 
continued influence in subsequent proposed ideas (Purcell & Gero, 1996; Chrysikou & Weisberg, 
2005). In addition, studies have found design fixation on known solutions related to the problem at 
hand, or on early ideas generated by the designer (Youmans & Arciszewski, 2014). Consequently, the 
term “design fixation” has been generalised to refer to any situation where designers limit their 
ideas by including features of pre-existing designs. These design fixations may be unintentional or 
intentional, and may be conscious strategies or unconscious influences on the designer (Youmans & 
Arciszewski, 2014). Even years of professional experience are not enough to avoid fixation (Jansen & 
Smith, 1991; Purcell & Gero, 1996; Smith, 1995). For example, Condoor and LaVoie (2007) showed 
that fixation does not differ between expert and novice designers, and that design fixation can occur 
immediately, during the problem formulation stage. Thus, techniques to help overcome fixation in 
design may be pertinent across levels of expertise.  
What causes design fixation? Sio, Kotovsky, and Cagan (2015) performed a meta-analytical review of 
over forty design studies using a similar paradigm. They suggest that providing examples leads 
designers to spend more time in exploring and developing more example-related ideas. As a result, 
the search for solutions is narrower in focus, consequently reducing variety in idea designs. The 
narrowing of search seen in fixation may also lead to higher quality and more novel proposed ideas 
by encouraging narrower, yet deeper, search (Rietzschel, Nijstad, & Stroebe, 2007). Niku (2009) 
proposed other potential sources of fixation effects, such as making false assumptions, perceiving 
non-existent limitations, feeling overwhelmed, having incomplete or partial information, and 
applying ad hoc solution methods. Or, the complexity of provided examples might cause a focus of 
attention on specific constraints, increasing fixation (Purcell, Williams, Gero, & Colbron, 1993).  
What would be the alternative to a provided example? In control groups, no example is provided, so 
a “base rate” of features can be determined. However, even with no provided example, there is an 
initial example evident to each designer: their first generated idea. Previous studies have found a 
tendency for designers to prefer their initial ideas and hang onto ideas even when they realise they 
may be extremely problematic or have major flaws (Ball et al., 1994; Rowe, 1987; Ullman et al., 
1988). In the classroom, students appear to take up their early ideas as their best, and project teams 
often start and finish with the same idea. Rowe (1987) highlighted that students’ ideas are often 
minor variations on the same idea. Designers also appear to show a “sunk cost” effect, where they 
develop a commitment to their initial idea, especially when costs such as prototype creation are 
involved (Linsey et al, 2010). For novices, the difficulty of generating any potential solutions may 
increase the perceived value of their initial ones. Engineering students may lack awareness of 
strategies to support the exploration of other solutions that are different from one’s initial ideas 
(Cross, 2001; Sachs, 1999). Crismond and Adams (2012) compare novice to expert designers whereby 
expert designers “practice idea fluency in order to work with lots of ideas by doing divergent thinking, 
brainstorming, etc.” in comparison to novice designers who “work with few or just one idea, which 
they can get fixated or stuck on, and may not want to discard, add to, or revise”. In contrast, if expert 
designers are more prone to fixation than novices (Kim & Ryu, 2014) it may suggest that experts stick 
to their early ideas because they perceive it as leading to great designs.  
For novices, the difficulty of generating any potential solutions may increase the perceived value of 
their initial ones. Engineering students may lack awareness of strategies to support the exploration 
of other solutions that are different from one’s initial ideas (Cross, 2001; Sachs, 1999). Rowe (1987) 
highlighted that students’ ideas are often minor variations on the same idea. Novice engineering 
designers also appear to have a sense of attachment to early solution ideas, and hang onto ideas 
even when they realise they may be extremely problematic or have major flaws (Ball et al., 1994; 
Rowe, 1987; Ullman et al., 1988). 
1.2 Mitigating design fixation  
What helps to mitigate design fixation?  Vasconcelos & Crilly (2016) suggest that example solutions 
may also “inspire” new solutions, giving rise to “new ideas that it (sic) would otherwise be very 
unlikely to emerge” (p. 1).  They review 25 studies exploring factors such as modality of the example, 
number of examples presented, diversity, and novelty of examples; however, findings are 
inconsistent across studies. Familiar examples produce more fixation (Dugosh & Paulus, 2005; 
Viswanathan, Tomko, & Linsey, 2016), though Perttula & Silipa (2007) found it also led to better 
design outcomes. Logically, the number of examples presented should impact fixation, but Perttula 
and Sipila (2009) and Dahl and Moreau (2002) found no effect. Sio and colleagues (2015) suggested 
that providing several examples could even further inhibit creativity, and concluded that providing a 
single example is better than multiple ones. 
In addition to deciding which example to provide, there is the question of when to provide it. Sio and 
colleagues (2015) concluded that presenting examples at the beginning of solution attempts 
produces a larger positive impact. Perttula and Liikkanen (2006) found that presenting examples in 
the middle of the design process resulted in the exploration of more categories. Vasconcelos and 
Crilly (2016) suggest providing examples when designers are experiencing exhaustion in their 
solution attempts. Other studies suggest examples are more effective after designers reach an 
impasse (are “stuck”) in idea generation (Moss, Kotovsky, & Cagan, 2007), while Siangliulue, Chan, 
Gajos, and Dow (2015) add that people must also be aware that they are stuck. Moreno and 
colleagues (2014) compiled approaches to reducing fixation effects such as ensuring a creative 
design environment, encouraging analysis of functional and physical models, and providing 
defixation instructions (Christiansen & Schunn, 2007). 
Despite giving rise to fixation problems, examples appear to play an important role in design 
problem presentation. It may be important to consider why example solutions are frequently 
presented with design problems. In instructional settings, examples play a variety of pedagogical 
roles, such as making the design criteria more complete or concrete, illustrating the qualities needed 
in potential solutions, and even simply confirming that a solution is in fact possible (Crismond & 
Adams, 2012; Crismond, 2013; Kimbell, 1982). Examples may carry such weight because they are 
introduced by the “instructor” along with the problem description. Once presented, research 
participants may simply copy examples in order to avoid unnecessary work (Youmans & Arciszewski, 
2014). Thus, some design fixation may appear because participants recognize the example as an 
existing solution that they can then adopt. 
1.3 Using idea generation methods 
If designers cling to examples because generating ideas is challenging, then existing idea generation 
methods, such as brainstorming or TRIZ, might be effective with respect to reducing design fixation 
(Youmans & Arciszewski, 2012). Crilly (2015) suggested methods that assist designers in generating 
ideas, such as design heuristics (Daly, Yilmaz, Christian, Seifert, & Gonzalez, 2012; Yilmaz, Seifert, & 
Gonzalez, 2010), may offset the fixation resulting from examples. Rather than try to mitigate the 
effects of example fixation, bolstering idea generation processes may “wash out” its effects. 
A range of idea generation methods have been proposed to support divergent thinking in the design 
process, and a systematic compilation of over 170 different idea generation techniques has been 
compiled (Smith, 1998). Yilmaz and colleagues (2015) categorized generation techniques as 1) 
facilitating idea flow, e.g., brainstorming (Osborn, 1957) and brainwriting (Geschka, et al., 1976); 2) 
stimulating of initial idea formation, e.g., analogical thinking (Perkins, 1997), morphological analysis 
(Zwicky, 1969), and Synectics (Gordon, 1961); and 3) transforming ideas into more or better ones, 
e.g., questioning (Eris, 2004), lateral thinking (de Bono, 1999), conceptual combination (Finke, 1992), 
SCAMPER (Eberle, 1995), and TRIZ (Altshuller, 1997). However, few of these strategies have 
empirically validated in the context of design; as noted by Smith (1998), “Of the hundreds of existing 
methods, only brainstorming has been subjected to a substantial battery of performance tests. 
Moreover, these assessments have generally been inconclusive in their results” (p. 129).  
Design Heuristics are an empirically validated method for idea generation derived from three 
different sources: 1) protocol studies of industrial and engineering designers (Daly, Yilmaz, Christian, 
Seifert, & Gonzalez, 2012); a comprehensive analysis of over 400 products (Yilmaz, Seifert, Daly, & 
Gonzalez, 2016); and content analysis of an expert designer over 200 concept sketches (Yilmaz & 
Seifert, 2011). The 77 different Design Heuristics capture patterns of idea generation -- cognitive 
“rules of thumb” -- that guide designers in introducing variations into concepts (Yilmaz, Daly, Seifert, 
& Gonzalez, 2016). Design Heuristics have been shown to be effective for both novices (Christian, 
Daly, Yilmaz, Seifert, & Gonzalez, 2013; Daly, Christian, Yilmaz, Seifert, & Gonzalez, 2012; Kramer, 
Daly, Yilmaz, Seifert, & Gonzalez, 2015; Yilmaz, Christian, Daly, Seifert, & Gonzalez, 2012) and experts 
(Yilmaz, Daly, Christian, Seifert, & Gonzalez, 2013). As a well-documented method for aiding idea 
generation, Design Heuristics may be an effective tool for fighting the effects of design fixation.   
1.4 Study design 
To investigate this question, an empirical study of design students tested whether Design Heuristics 
use can mitigate fixation. The study design was consistent with the dominant paradigm for design 
fixation studies as reported by Vasconcelos and Crilly (2016). An educational workshop of entering 
engineering design students served as the study setting. In this study, we conducted an experiment 
to increase the rate of idea generation due to the implementation of an additional tool (catalyst) 
which is not consumed in the idea generation process and can continue to act repeatedly promoting 
further idea generation, thus overcoming fixation. It is acknowledged that a weakness exists in the 
context of validity extending beyond the specific setting, as with all experimental studies, thus the 
authors do not make this claim. 
2 Methods   
2.1 Participants  
One hundred eighty-five first year engineering design students, 122 males (65.9%) and 63 females, at 
a major research university in the Midwest participated in the study. The students were 17 to 18 
years of age (M = 17.9; SD = 0.46). The participants were recruited through a free, two-day workshop 
option offered to incoming engineering design students. Participants were not compensated for their 
session.  
2.2 Materials 
Two design problems from Jansson and Smith’s (1991) study of example fixation were used in this 
study. The ‘fixation source’ was an example concept sketch (Figure 1) and a description of flaws in its 
design: 
Cup Problem: “Design a disposable, spill-proof coffee cup. The design should be operable with one 
hand, durable and should not include a mouthpiece or straw. Below is an example of a spill proof 
coffee cup.  Please note, the straw will leak when the cup is rotated 90 degrees from the angle 
shown.  The cup will leak if squeezed and the hot liquid emerging from the straw will burn one’s 
mouth.” 
Rack Problem: “Design a car-mounted bicycle rack that addresses the following needs: (1) Easy 
mounting of the bicycle, (2) Easy mounting of the rack, (3) Cannot harm bike or car, and (4) Must 
be versatile for all bikes and cars. Below is an example of a present day bike rack.  The bicycle is 
set in the rails and the vinyl coated hook is attached to the seat tube of the bike, and then the 
hook is tightened down by hand with a wing nut.  One should note the difficulty of mounting the 
middle bikes on the rack.” 
 
 
 
  
Figure 1  Example concepts provided for each problem: Coffee Cup (left) and Bike Rack (right) (Jansson & Smith, 1991) 
 
Separate concept sheets for recording new designs were prepared. The top of each sheet included a 
boxed space for sketching, and below it, a prompt was presented: “Describe the idea in detail. How 
does it work? What are the unique features, mechanisms, and details?” For the Design Heuristic 
condition, each sheet included an additional prompt: “Did you use any specific strategies or Design 
Heuristic cards? If so, write the number of each card you used. If you did not use any, write ‘none.’” 
Each Design Heuristic was presented separately on 3 x 5 cards. Design Heuristics presented in this 
format have been shown to be effective in enhancing idea generation in first-year engineering design 
students (Daly, Yilmaz et al., 2012; Daly, Christian et al., 2012). Each card names and describes one 
heuristic, with a graphical illustration on the front side and two example consumer products 
illustrating the heuristic on the back side (Figure 2).  
 
 
Figure 2 Example of a Design Heuristic card showing its front (left) and back (right) 
 
This Design Heuristic, “Redefine Joints,” suggests modifying the way that the product parts are 
connected by removing, covering, or changing the orientation of joints. This heuristic may lead to the 
development of concepts that improve the visual consistency of the product, and enhance the safety 
of product operation.  
Packs of 15 Design Heuristics cards were prepared. The cards were selected at random into five 
subsets from the larger set of 77 Design Heuristics cards, listed in Figure 3.   
 
 
Figure 3  The 77 Design Heuristics card titles (from Yilmaz et al., 2016). 
 
2.3 Procedure 
Students were assigned at random to one of two design sessions held in separate rooms. Graduate 
student instructors (with experience in design) were first trained together on conducting the study 
(Table 1), and then assigned at random to conduct a session. 
 
Table 1 Procedure schema 
 
Short (7 min) 
introduction 
Fixation 
source 
(example 
along with 
design 
problem) 
Introduced to 
rules of group 
brainstorming 
Practiced 
individual 
Brainstorming 
(5 min) with 
the task of 
designing “a 
seating device 
Individual 
Brainstorming 
idea 
generation 
session (25 
min) 
Short (10 
min) Design 
Heuristics 
lesson 
Practiced 
individual 
idea 
generation 
with the 
Design 
Heuristic   
Individual Design 
Heuristics idea 
generation session 
(25 min) 
In an experimental design, each of the two Idea Generation sessions included one of two design 
problems (Coffee cup or Bicycle rack). Both sessions were conducted following the same procedure 
and timeline for the study.  
First, a short (7 minute) introduction to idea generation was presented using slides, including a 
definition of divergent thinking, and the goal of creating multiple, diverse ideas for design tasks. The 
instructors explained that effective idea generation involves thoroughly exploring the solution space. 
They did not discuss fixation, or other problems, that can arise during ideation. The instructors also 
noted the importance of sketching, and encouraged participants to “just get the idea down on 
paper” rather than worrying about their drawing skills. 
The ‘fixation source’ comprised of two simple design problems from the Jansson & Smith (1991) 
study. The students were provided with an example along with the design problem (as in Jansson & 
Smith, 1991). Both sessions followed an identical procedure for the rest of the 85 minute study.   
Next, students were introduced to the rules of group “brainstorming” (based on Osborne, 1957.  
Students then practiced individual Brainstorming (5 minutes) with the task of designing “a seating 
device,” using the concept sheets for their ideas. This practice session was followed by an individual 
Brainstorming idea generation session (25 minutes) where students created their own concepts for 
their assigned design problem. They were asked to draw, describe and number each of their ideas on 
a different concept sheet. They were told they would have 25 minutes to create their designs. For 
this individual Brainstorming session, there was no indication of whether they followed the 
Brainstorming method presented, or used another method (such as their own version of natural 
“brainstorming”). 
Then, a short (10 minutes) Design Heuristics lesson was presented. The instructors explained how to 
use a card to generate multiple ideas, and that every card can be used in response to a single design 
problem. The instructors discussed the general format of the cards, front and back. Then, students 
individually practiced using the Design Heuristics to design new ideas for “a seating device.” Next, 
participants were given an individual packet of 15 cards, and asked to individually generate more 
concepts for their assigned problem using Design Heuristics (25 min). Students were encouraged to 
select and combine whichever heuristics they found most applicable or interesting. Students were 
asked to indicate whether they used any heuristics, and which ones by number (shown on each 
card), on each concept sheet. 
At the end of the session, we asked the students to individually evaluate their concepts in 
comparison to the provided example design. On this post-survey, each student indicated which of 
their concepts they judged as “similar” to the initial example they saw on the first page of their 
materials. Students also ranked all of their concepts from most to least creative.  
3 Results 
3.1 Fluency of idea generation 
A total of 1380 concepts were generated across conditions in the study. The fluency score for each 
student in both idea generation sessions (Brainstorming and Design Heuristics) was calculated as the 
count of the number of concepts generated (Table 2). A 2 x 2 mixed ANOVA examined the between-
subject effects of Problem and the within-subjects effect of Idea Generation Method.  
Table 2 Fluency of Idea Generation  
Idea Generation Method Count Percent Mean SD 
Brainstorming 868 62.9% 4.67 .11 
Design Heuristics 512 37.1% 2.94 .11 
Total 1380 100%   
The students were successful in using the Design Heuristics method with only a short (ten minute) 
training. Students listed at least one Design Heuristic in the generation of 360 concepts, and 91 
concepts were noted with more than one Design Heuristic. Only 61 (12%) of the Design Heuristics 
concepts were listed without a specific heuristic, suggesting students were successfully following the 
Design Heuristics method in that session.  
Because students always brainstormed concepts first, it might be expected that they would produce 
more concepts in the individual Brainstorming session (M=4.67; SE=.11) than in the Design Heuristics 
session (M=2.94; SE=.11), F(1, 175) = 201.36, p < .001. A total of 868 concepts were generated during 
the initial Brainstorming session, and 512 additional concepts were created during the Design 
Heuristics session (Table 2).  
The majority of students (78%; n=145) generated more Brainstorming concepts than Design Heuristic 
concepts. This difference may be due to greater fatigue in the second 25 minute ideation session 
(with Design Heuristics) on the same problem. While most students where familiar with 
Brainstorming as a method, they were using Design Heuristics for the first time; as a result, they may 
have needed time to read through and understand the cards in their set, leaving less time for 
creating designs (Daly, Seifert, Yilmaz, & Gonzalez, 2016). 
In the analysis of fluency by problem (Coffee Cup and Bicycle Rack), more concepts were generated 
for the coffee cup problem (M=7.39; SE=.24) compared to the bike rack problem (M=7.63; SE =.27), 
F(1, 175) = 18.63, p < .001. This advantage for the coffee cup problem was evident in the first 
Brainstorming session and may reflect greater familiarity with this product compared to a bicycle car 
rack. Brainstorming resulted in more solutions than Design Heuristics for both problems (Table 3), 
with an even larger benefit for the Cup problem than for the Rack problem, F(1, 175) = 6.12, p < .05. 
Because the two problems resulted in differences in fluency, we also consider the fixation measures 
across idea generation sessions by problem.  
Table 3 Fluency of Idea Generation by Problem and Method  
Idea Generation Method Problem 
 Coffee Cup (mean, (SE)) Bike Rack (mean, (SE)) 
Brainstorming 4.69 (.16) 4.75 (.16) 
Design Heuristics 2.69 (.13) 2.87 (.14) 
 
3.2 Idea Fixation 
Jansson and Smith (1991) defined fixation as the presence of specific features from the initial 
provided example in the later ideas; for example, in the Cup problem, including a straw or 
mouthpiece in the new idea. However, this “degree of copying” approach (Shah, Smith, & Vargas-
Hernandez, 2003) may miss deeper similarities between ideas, and count novel uses of a straw as 
fixation (see Figure 4A). For this study, we asked the students to evaluate their concepts in 
comparison to the provided example or to the self-generated example they produced at the start of 
the study. Thus, each student defined the similarity of their concepts to the initial example. On the 
post-survey, students were asked to indicate which, if any, specific concepts in their set were similar 
to the initial example they saw. 
Of the 1380 concepts generated by 185 students, approximately 26% (n=363) were marked as 
“similar” to the first idea. Figure 4 shows ideas from sessions when students had seen the Coffee Cup 
example (example concepts shown in Figure 1). Across both sessions, the average number of ideas 
reported as “similar” to the first example was 1.96 (SD=1.93), with a range from 0 to 13, and about 
22% (n=40) students did not mark any of their ideas as similar. 
                                                       
       
                                               
Figure 4 Coffee Cup concepts from students’ idea generation sessions. Concept A (top left) corrects for one flaw in the 
provided example (spilling) by using a spiral straw to prevent spills when dropped. Concept B (top right) adds a change to 
the provided example with, “Button shift tube to align with opening.”  This student also generated a Design Heuristic 
concept C (bottom left) using the “Flatten” heuristic to create a different mechanism to prevent spilling, described as “The 
lid flatten (sic) so it meets the liquid section.” A fourth Design Heuristic concept (bottom right) used “Attach to user” to 
create a handle that folds away when cup is in use.  
The Brainstorming session produced 71% of the 363 concepts judged as similar to the provided 
example (n=258, M=1.94), with 29% (n=105, M=1.72) identified from the Design Heuristics session. 
Since Brainstorming constituted 868 (63%) of the total ideas, the Brainstorming session had a 
significantly greater proportion selected as “similar,”  𝛸2 = 17.86, p < .0001. This suggests the 
prompts provided by the Design Heuristics cards did reduce fixation on the initial example. 
We also computed a similarity ratio for each student, consisting of the number of ideas within their 
Brainstorming and Design Heuristics concept sets identified as “similar” to the initial example. 
Brainstorming ideas were significantly more frequently identified by students as similar to the initial 
idea (M=.3, SE=.02) compared to Design Heuristics concepts (M=.2, SE=.02), t(169) = 4.22, p < 0.001.  
In sum, the results depict a consistent picture of how fixation impacts idea generation method: 
Brainstorming creates more, but more similar, concepts compared to Design Heuristics. 
3.3 Creativity of Concepts  
At the end of the session, students were asked to indicate their most creative concept by rank 
ordering the creativity of all of their completed concepts (from both tasks) using the serially-ordered 
numbers on their concept sheets. Example concepts selected by students as their “most creative” 
are shown in Figure 5. 
                                         
              
Figure 5 Examples of concepts judged to be “most creative” from the Provided Example group. One concept (top) uses the 
Design Heuristic, Change Flexibility: “The user squeezes the cup causing the wall to move inward, forcing the portion above 
the flex indent to be forced outward, which causes the lid to stick up with its drinking hole.” Another student’s concept 
(bottom left) is from the Design Heuristics session, and used “Compartmentalize” to divide drink storage areas. A concept 
(bottom left) was from the Brainstorming session was, “Sponge donut surrounds the cup. If the cup tips over, the coffee will 
be absorbed into the sponge.”  
As noted above, students created (on average) 1.5 more concepts during their first Brainstorming 
session than in their later Design Heuristics session; consequently, the likelihood of selecting a 
Brainstorming concept as their most creative concept by chance is higher. In fact, 97 (52%) students 
identified a Brainstorming concept as their most creative concept, while 63% of the concepts were 
generated using Brainstorming 𝛸2 = 4.72, p < 0.03).  While only 37% of the total concepts were 
created in the Design Heuristics session, 48% of the students chose a Design Heuristic concept as 
their most creative. Though students created more concepts while Brainstorming, the lower 
proportion of these identified as “most creative” suggests the Design Heuristics method was more 
helpful in producing creative concepts.  
4 Discussion 
The present study allowed the comparison of two different idea generation methods to determine 
their effectiveness in reducing fixation. The positive impact of Design Heuristics is seen in the lower 
frequency of ideas that were identified as similar to the initial example. These findings suggest that 
using an alternative idea generation method, such as Design Heuristics, may be helpful in moving the 
designer away from initial ideas to consider alternatives. In addition, students found a higher 
proportion of Design Heuristics ideas to be creative compared to Brainstorming. This suggests Design 
Heuristics are helpful in moving away from existing ideas towards novel, creative designs. 
Brainstorming resulted in more ideas than Design Heuristics. The Design Heuristics method likely 
required more learning time than brainstorming, reducing the time available for idea generation. 
And, because the Design Heuristics session was always second in serial order, this second session 
may have taken place when participants were more fatigued, or had “exhausted” their ideas. In 
addition, students were already familiar with brainstorming, so may have found that method easier 
to use. Nevertheless, additional ideas were successfully created in a second idea generation session 
with Design Heuristics.  
This study relied upon students to evaluate their own designs for their similarity to the presented 
example solution.  Further support from an independent, expert evaluation of the similarity of the 
designs to the presented examples may be helpful. In addition, the present study always had the 
brainstorming session first followed by use of Design Heuristics. A true experiment is needed to 
compare the effects of serial idea generation methods. In classroom settings, a period of free 
brainstorming allows the expression of individuals’ existing ideas may be helpful before moving on to 
other methods. Finally, while the fixation effect has been demonstrated numerous times in 
classroom and laboratory studies (Vasconcelos & Crilly, 2016), the degree of fixation experienced by 
practicing designers is more difficult to document.  
These findings extend those of Jansson and Smith (1991) to explore how to overcome fixation in 
design creation. While many studies within this paradigm have been conducted, it is often difficult to 
compare findings across studies (Vasconcelos & Crilly, 2016). While fixation has long been identified 
as a problem for designers, approaches to reduce fixation have not been identified. These results 
provide a concrete suggestion: adding a different idea generation method may help to reduce 
fixation by “restarting” the idea generation process. Design Heuristics was a new method to the 
students, but they were able to make use of it to extend their idea sets with new ideas that were 
different from the first example. And, these ideas were more likely to be viewed as creative ideas.  
The study results suggest that Design Heuristics may help to overcome fixation and to generate more 
creative ideas. When battling the effects of fixation on known solutions, generating ideas with 
Design Heuristics may be especially helpful. Design Heuristics appear to promote divergent thinking 
by prompting designers to consider concept modifications leading to new directions in design. As a 
result, they may be less likely to perseverate by including specific features of example designs. 
Design Heuristics may help to promote changing directions in designs as more designs are created, 
resulting in more varied concepts. These benefits may amplify the production of new ideas even 
after brainstorming a set of new concepts on their own. Across a session using more than one idea 
generation method, Design Heuristics may facilitate taking more divergent paths through the 
solution space. 
5 Conclusion 
Providing examples with problems may provide important information to designers 
(especially students), such as design requirements, concrete implementations, or simply 
existence proofs of solution. In addition, providing no example still results in an initial idea 
(created by the designer) that may take on a special prominence and serve as an initial 
example, resulting in fixation to its features. While examples also hinder the creation of 
diverse candidate ideas through fixation, the present study shows that idea generation 
methods like Design Heuristics can counteract these consequences. This paper demonstrates 
that implementation of an additional tool like Design Heuristics can mitigate fixation and 
lead to more creative outcomes. This research provides evidence about how educators can 
help students develop their idea generation skills, and promote their development of design 
capability. 
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